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(54) PROTEIN INVOLVING IN ACTIVATION OF NITRILE HYDRATASE, AND GENE CODING FOR THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a protein which allows 
efficient production of an amide from a corresponding nitrile by 
contributing to activation of a nitrile hydratase from Pseudonocardia 
thermophila JGM 3095. 

SOLUTION: This protein contributes to activation of a nitrile 
hydratase from Pseudonocardia thermophila J CM 3095, and 
consists of an amino and sequence shown by formula 1. It is 
preferable to produce an amide from a corresponding nitrile by 
culturing a transformant which carries a recombinant plasmid having 
a gene coding for the protein, or a base sequence at position 1328- 
1762 shown by formula II, followed by contacting cells of the 
transformant obtained by culturing, culture broth, and a material 
obtained by treating these, with a nitrile (e.g. acetonitrile) in an 
aqueous medium. 
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(54) [«9i<^^i»] r:hu;n:: H ^^'-'KcDSttibt gait's 4^ ^/^^^MRt^-en&rj-H-rsjteT 

(57) [^»^] 

lmm\ i^^— K/:^/t'7^^T • 1^— ^:7.f ^ J CM 
3 0 9 5 ( Pseudonocardla thermophila JOI3095) 



CM 3 0 9 5 ( Pseudonocardia thermophila ja<3095) 

imystm 2 ] m^m<om7m4 : i ae«soT ^ / saa 

CM 3 0 9 5 ( Pseudonocardia thGnnophila jai3095) 
5 1 KJlJ^t^ga^OS-^ : 2 (C|B«<0 13 2 8 

sa^^e> 1 7 6 2S@*'eojesgfl^ij-cs$jx5ie*3i 

/;*/V-r >f r • -y— -'^>^-f ^ J CMS 0 9 5 ( Pseudono 
cardia thermophila JCM3095) El33Kt?*)S ^ i: ^r4^ISi 

ga^J#^ : 2(c:fB«ci737 1 A^^t^^ 13 3 lS@*-e 

7(rf2«feco|a^x.::^7^^ Ko 

COSB^IJ^-^ : 2t^td«(?5 1 6 l:@^^e>7 1 7#@:^-eco 
^£rfil^S^<i: Lr^A/-Cv^-5c<^:^4#«<l:•r-5gB*«7 

iXtXOimk^zty:^^ K^f%«?-r60®te«|»o 
[»*:® 121 fiS*^ 7 ^f«5R3g 1 0 t;i|a«<7>i ^-f 

(O 0 0 1 1 

' -^—^y ^ y } CMS 0 B S ( Pseudonocardia t 
hermophila JCM3095. &rrmci^^— YJiJfV'f^r ■ 



TCfy:^^ K. Seae^*5j:U5ri hy/ut K^^— ^iS 

e^^«:^^-t-5«a^x.^^;^^ K. ^W^TL-fyy^^ K 

[0 0 0 2] 

^w^mm>^%m^^\\.x\^^^ -hy/^tK^^?^- 

[0 0 0 31 h y/V-t K9^— ifflftt 

^y^w^mt-fc 6 6 8 4) . -^tz. 

Mi^'C^^-x^^^mB^Wi^x.:fyy^^ Y:}oXV^m^y:^ 
^ilc:t>fiK?{)Lrv^-5 mm^9-2 7 5 9 7 8) ^ 

Jt£i?^2 - 1) lc#-g-J CM3 0 9 5 i: Ur^WStt, 
[0 0 0 4] 

^9.-2 7 5 9 7 BSaiiCOv^^L— K^ ^^U-t^-YT • i^— 

^y^y^^(D:^hV^i-t: Yy^—^^±mm^iHX-i^m. 
icm^;^^t^^tf>>'^mfJ:mB^mm^':/'y:^^ K (p 

PT-DBi) (r>mm^m9rKx^mmvfcm»m<r>m 

^m^^^^^^'T^m^x.yy y^ ^ h\ ^m^^:i^XU' 
-hy/H:: Yy^—iim&'T'i^^'r^mW^?L':fyy^^ 

p^mr-srs K{b^iK»*iJigi-s*&<£rtge^-r6ci: 



"2- 



lO 0 0 5 J 

- 2 7 5 9 7 SSB^COMT- 1 0 8 2 2»^C©A^i^T 

tc^o yco p PT-DB l±tc^ hi; /V 

•A (£iT. ORF 3 ^(^^^i--5) ;5>>^DNAK>r±{;i^ 
iSEL. ORF St^^^^l^^^l 5 9 O 0<D^:yy<^M^=i 
-KL-C^^^rtSraauyto ^-t-. pPT~DBl 

— f^-f >'ir:7ix«--A (J^T. ORF 1 i:i^f4;i- 
Kp PT-D 1 ^f^Sib. ^ K-CJ^Ste^Lfc 

a:ii:S:SlSLfCoHHtc. pPT-DBl<fclPORF 

i4oii/ORF2<D;;^^:t-t-^3fife^M«lx:/^;^^ K 

p P T - F 1 bfCo ^ K-C7K®te^ L3t 

m\z., p PT-DB 1 J:*?. ORE 3mm<r>y^i!>^^vi^ 

kZ^ pPT-Fli:«?. lac Z:/u^— , ORF 

btl1tmmDNAm)i^p PT-G KDORF 3(D3* 
5KdS«?IT«C|f^ct— riV^/U^:/^;:^^ Kp PT-H 

i^fP8^b^-o K-CJI^MSH^Ufc?I^S©^:^ 

hyyi-t K^^— ifffite^SJ^LfcSm, ifelte 
[0 0 0 6] £(±CD^^J:«9. v-oL— K 

i3 J:ti^|gSc7)^^^W^^;t^ o R F 3 <Dmmm^(D 

PB*9-2 7 5 9 7 8) , 4c>J:Uf, ORFl--3cD3ffi 
^(O:!^^:/^ y f^-Y >^i/:7 I — AS:^ti*&/h<OD N A®f 

h y /vfc K^ ^^it^Tj^rr t {±^<om:r,(D^ 

^) x^. ORF 3(ommmm^. hyy^t k^;^ 



^'^t^m^'k.zfvT^x K. Kite^fcctt/^ h y/wt k 

-t^r^ Kft:-&fe^$iig-r6;^feS:S»-r^t><o-ci> 

[0 0 0 8] 

-So 

[0 0 0 9] :*:5&e^tC:JoJt6V^— K/;Jt7/Hf^^T • if 
3K<0::^ h y /i^t K^^-if'^^S'ttfb^E^fe^f 

[0 0 10] ^^iwiciiU'S^ h y/i-fc K7^— ^si* 

iy=L^ Ky i^f^^'f • if— ^ ^ S^cd— h y /i^t 

• if— ^lia^con h y /i/t K^^s?—- ^o^i* 
i-^o ^coct ^j^^^^^^i bra. y;0/u-v=^^T(Noc 

ardia )M^ ^ y :^>^< ^ 7^ y »^ A ( Corynebacter ium ) JSx 
/<^7UX (Bacillus) JR. ifSi'lt^^^-'^^/^^JR. v'^— K 
^■f"^ (Pseudomonas) JR^ :^ ^ P :3 y :^ ;^ ( Micrococcus ) 
JH, g K^ n ^;^( rhodochrous) M(C{^^^ti^ a K^ 
Wfi:^ ( Rhodococcus) h>"<^ ^-^( Acinetob 
acter)JS> ^if^^ h>^<^ — ( Xanthobacter )ja. h U 
b-r^ir;^ ( Strept orayces)JSs y >^ i^C^ A (Rhizobiu 
m)JS, ^ (Klebsiella) Jig, :x.i/^zi/<^^ 

( Enterobacter )JB. :x/UiJr ^ riT (Erwinia) jg. oi^To 
^*:f;^ (Aeromonas)JS, h n^^iJ? (Citrobacter) 
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JS^ ^ — (Achroniobacter )JB. T^ny^^ 

X y ^ A (Agrobacterimn ) 7 7 ( thermo 

phila) aj CM3 0 9 SacfiA^OOV^— hV :fr>'l-f^^< T 
(Pseudonocardia) J5B;cJB-r5t^^a^g/<ggyj: LX^if 6 

lO O 1 1 1 h U/Vt: K7^— 

r ^ / Kg25^(c J: J? ffi^ $ n 5 1> <^ Sr-€:<O«:S0S tX^X 

<?5T ^ y K;55ffytfcf+»D >y<^W^m± 

lo 0 1 2] -ry'j:t>h. -4^^m\^. ^^mmmm-^ : 

[0 0 13] *5SP>gtc*5tj-S= h yyvb K^^— 
^ 7 t fi± < SiJfflco»±^«s J: 0 -5 ^ .b d^WfiBi: 



^ yffi^fi?iJSr^<D**^4i-r6«^*ytfiHia*fc«i2 

SS^^ttirUTJi. / fJA^'f^ T ( Nocardia )a. y ^ 
X ij A (Corynebacterium) JB^ y<^;Uj< ( Bacillu 
s)J||, ->J^— K^•:^;^ ( Pseudoroon 

as)JB, :^ ^ p :j sy X ( Micrococcus) Jil. cr n 
(rhodochrous) $ tt ^ P K = y y (Rhodococ 

cus)M. T->:^ h/^j^ ^ — (Acinetobacter) M. ^"^l^ 
^ — ( Xanthobacter) J^. ;^ i> h-^-f ir^ (Str 
eptomyces )^^ y V^fcT^^ A<^uzobdum)Jg> l^-i/v^ni 
^ ( Klebsiella) JiS^ 31 1/^ a ^ ;^ — (Enterobac ter ) 
JS. ^i^/V'^-r— T(Erwinia)M. ^T^^^:^ ( Aeromona 
s)S> >^ h p^^^ — (Citrobacter) JR. T ^ ^^^^^ 
^ — ( Achr onx)bac t er ) JB . T ^ct>'<^ y (Agrobact 
erium )M^fe^:j:f'— ( thermophi la) S J CMS 
O 9 SHei^JL^iO v^^— hV iiJV^^i T (Pseudonocardia) 

(0 0 15] ^^^^(^iol^rti. K^iJl^(0&fi^J#-^ : 1 
{^TTi^^iv^ 1 4 4iB«QT^yg£Oilfl?iJS:=3— K-TSJt&S 

mm-mm^. nm^tcii'XWT^vxnhti^ 

SB^COl 3 2 8#S^^b 1 7 6 2#g'^-e(D:£J£gdi5^iJ$: 

'i:(Dj^^mtLxmf^:itib^x^i>o MJftx.D 



®<?Dl<li*f::<i2ll£A±Srftfe<7^r ^/»-eE«, 
*D{t-6ia?0»^ : 2lc:8a«g<0 1 3 2 8#g;d*<p 17 6 2 

[0 0 17] h y/wb K^i57- 

: 2tCfBtt<0 1 3 2 ^m^t^h 1 7 6 2# 
<0 1 3 2 8#i;0^P> 1 7 6 2#B*T?CDJfiSgB^J(0— a 

[0 0 19] ^m^i^iL^m^^mmmMitn:. ya^-^- 

CO h y >^ h r >':^'<n ^-CO t r p ♦ ^ 

h— >^:^^n v-co I a c • ^ A^>'7— 

i^cO://U=i>^^'g^;?^^^>^a^— (gnt) -T 
/uyj y :7'PXT— (a p r) • tt^fctr/n 
^r— (n p r) • a-r:^7— 

>5^— (a my) ,^;)>^tf (bixSo ^/t. t a c :/n 

\\ itLkTL^. 1 6 S y ^y^— ARNA03' 5|?iS^JB? 



[0 0 2 01 K^^^-<oj3:flc«?«t Lrri. :^ 

J3i|g4'-C<7)i^«Si'5Jtg/£^:^^;tL.Tl/^^ p BR 3 2 
2, pUC18, Bluescript II SK 
(+) , pKK 223-3, pSClOl-^, fe^^l^ 

-c<?>i»^s®•5Jig/^®«^^^^Lrv^^pUB 1 1 0. p 

TZ4. pC194, pll. 01, 0 1 0 5^5r^(f 

K:d5"5rfiB/^:?^^>^^ K-<^ <o«!lt LT. pHVl 
4. TRp7. YEp 7:S.t)^pBS74r^Jf>5Cl^;6il? 

[0 0 2 1 1 *:^BJ{::*5»/^rj:3:. ^hy/ufcKv^— ^ 
^-if®e^d^PH#l-}fA$;h.3fc«a«^^>^7^^ 

f&Jia® S ^MIK icj^i.^ 
ti-y*^;^^ K-<i!^^— lc!f A^tt^ci^^^x.:/^^^ Kco 

m^wmmm^ jz^^hy^^tK^^ — ^^^^ft: ^ 

[0 0 2 21 h y/Vt K^^— ^iSg^^ 

\^\%. iB^y*<^BQ?!l#-^ : 2(c:sattco7 1 4#e^^P>l 

3 3 l#S^T'COJ^S@B^ljT--a^n^a-y-:/^::i>y 

Ki-^>jBe^i3J:T^iai?y3l<ogBJ?iJ«^ : 2^cfa«t(3D 
1 6S@;6^^7 1 7S@i-e<:0:fiSiB3?iJ-C^^ixSi3i^ 

S^HWlc^ X. ^ :i t < JtS?6<3^^{cfflS?coBSco^ t 
D N A<DJesgB?iJ^fi&coaSiB5i|-eB«l u^c 9 . m 



mx.^ ztfj:< 't(Dm^r ^y§k<oi fi*fcfi 2 m£k± 

2lcSe^0 7 14#g;5^P>133 1 ^ B ^X*<0&^S^^\ 

(O^^z^—V/iJ/^'f^r • f— ^:7^^^5fe<D:=^^y/^' 
[00 2 3] :at*i6<Jtc:{-±. ^mW- 9-275978 

<07 2 9Sid^6 7 3 1 Sg, 7 6 8#B;a^e> 7 7 0# 
a. 8 2 5*S75-b8 2 7#g. 9 4 2#S;6^io 9 4 4 
9 8 l#g:^^e>9 8 3#g. 1 0 1 7#S;?»^e5 1 
019#i. 1 0 2 9#@3ef^e> 1 0 3 1089 
Sg;0^t> 1 0 9 1 1 0 1 1 O 3# 

@. 1 1 3 7#@;5^e> 1 1 3 9#i . 1149#@;^^e> 
1151#@, 1 2 7 2#@;5^b 1 2 7 4»e. 129 
3SS3i>?> 1 2 9 5#@, 1 3 2 0#@;6*b 1 3 2 2# 

[0 0 2 4] -J^^mkZi6\^X\i.^ a1^:/^:=: 

hcor ^ yKga^!l60 6#g. 19#S, 38»g> 7 
7Sg. 90»i. 102#S. 106§@. 126# 
g. 130 142#i. 146#P. 187 S 

g, 1 9 4#@At/2 0 3SgfiOT^yK<OfBlttJ&^— o 

[0 0 2 51 ^m^. E2?lJ*C0ga?Fy#-§- : 2lr|a«6(DiS 
SBB^IJ(D7 3#@7!>^e> 7 5#e. 7 6#@7!)-b7 8# 
g> 337S@?!i^e>339#@. 6 13#g^^^615 

Sa. 6 4 9#@;if^b6 5 l#B</)fpm;^^-otJL±(DiI 
lEItl^J «r to co:^ia^J ItZ. L T # b S ifeS Sfi^J X& 

[0 0 2 6] -r^S^^*.. *^Wt-:feV>-Cfi. fii^-y^::^ 
y h(Dr ^ y^ifi^ij(7)2 OSg, 2 1#g, 10 8# 

g. 2 0 0#g. 2 1 2Sgcor ^ 



[0 0 2 7] Sfc. *:5IW{cio(t5n h y/we K^i?'- 
-^Se^fi, fiJiScDv'rL— hV;&>/W'7'-<T • ^:7-i' 
fi. / iijV^^ T ( Nocardia) ja. y -t-^^^J'X y 5^ A{C 
orynebacterium)j|S> ( Baci 1 lus ) ^WSL<0 

ex 3.— K^'t*-^ (Pseudofflonas)M. ^ ^ n 
^^yti^ (Micrococcus) S> ^ K ^ ti t> ^ ( rhodochrous ) 
atcft^ tt^ p K y y ( Rhodococcus ) JB. TV 
^ f/^^ ^ — ( Acinetobacter )J^. ^ihV h/^^ ^ — 
nthobacter )M^ h U:/ V-^^ -fe^ ( Streptomyces ) 
JS. y y tf »A (Rhizobimn )ja. ^ U >^->Ji7 ( Klebsiel 
la)Jg, j:Vxp>^^^ ^ — ( Enterobacter )JB^ 
:^T(Erwinia)M. T p ( Aeromonas ) M ^ h p 
— ( Citrobacter) a^ T ^ p ^>^^ ^ ^ — ( Achromob 
acter)JB. T^P^^'^^T^y !>A ( AgrobacteriimO Mjo J: 
ZJ^»— ^ ^ (thermophila) @ J CM 3 0 9 5**J^^ 
<Oiy=x,— Ky ^/i^-7^>f r (Pseudonocai-dia) ja^<t^3i^<gg!l 

[0 0 2 8] flfiiz!icoffiJ^^:7^^;^^ 
;i^^*tt-5o .:=.hy/pfc: K^^— ifS^S^t: 

]ai<D||][fegy to J: ?<c:^J^a ( Escherichia coH) 36Sf^^0»J 
X\%f^ < te^a (Baci llus subt ills) ^cO/<^/VP^ JB 

«;^^t><D(0«y<fc Ur. MT- 1 0 8 2 2 (>t:f|»J*. 1 

996<¥2^7P lc2^4^®o< J;fTtTm 1 T ^ 1 # 3 -^<D 

^FERM B P-5 7 8 5 <5: LT. 1#Sf^Jgg^-h<Dl» 
[0 0 2 9] fAj, 

K^^-if5ae-T*}fAL-C*5l§q6DM»;tLy^J^^ K 

^mmx:^^^;^^ K^gifStD^^tr:?g 
TMo lecular Cloni 
ng 2nd EditionJ (T. Maniati 
sJb;Cold Spring HarborLabo 



ratory Press, 1989) ^{ilg2® ^i^T 

/V-, T^yD:=:hyyK y ciz:. h y/K n->^^ 

anhyv^l-. -fy>^^n^hyyK tJ^ah/rihyyK 

N a C 1 
pH7. 5 

[0 0 3 4] S^^SHi^J: <9Tyi-::^ y s D sjdja&lc^ 

pPT-DBl [^-1 (IS 1 ) ] <D>^^^^ KDNA 

<om?k. }fA»f>T*'f(-7 O 5 b p. 6 2 1 b p4i5j;t;^4 
3 5b p<7?fflSK3;?iJ?0^e>/j:§:^-:?^>'y 7^-<>';J^:7U— 
A (^^ORFl, ORF2, ORF3<i:l^^) t^S' 

RFl(^^t>3' m«SM^04JSS^ORF 2c0^t>5* 



a-b KD^Wy^^n:=uhy 3i^U>v^r>t 
KyV'. :7-rnnhy/K ^^y^V])/^^. -^^^^ h 
y/K -^Vf^anhy/u, ^yTJy^vV^l^. Z-i^TJ 

t^y v^>-^<7:)r. h y /Wb-g-^fe^^i^^^^^-t^^yt ur^ff p> 

10 0 3 1] 

C^Vti^. :f3yJ>^t Ur 0*^3fe®!cOF i n e p a k 
SIL C1 8 — 5 (25 0X4. 6^mm) *rfflV>, 
4flc||%(DT-fe h y/USr^ti*l 0 mM y VUbkSJR 

ypr:ihy/K TiJ^ y /w®Ji2 1 0 nmcoK^^jci: t) 

[0 0 3 2] [SIJSWl] MT- 1 0 8 2 2t*C0lf A»r 
>T-0«W (1) 

5 0 0ml <0>''< y :7/u>f^H^ :7 7 ^ =3 ieiTBaco*a^KcO« 

ifel 0 Om 1 1 2 It: • 2 O^FrfiCO:^— 

I— T^lci: JjiSigUfCo o o M g 

/m 1 <!:ife-5J: 5(-r>^tf->y v^m^jnbyb^. mt- 

1 0822*15 (PERM BP-5 7 8 5) SISS 
M^L. 3 7t: • 1 3 0 r pmicr 1 6^tfflmilb/Cc 
jS'L^^^KI ( 1 5 0 O 0 G X 1 54>P«^) J: 
iS^fffiJ: 0 4^8iL. m^X. 5 0ml <0^fea^a[;(k(^^ 

[0 0 3 3] 

5. 0 g/L 
10.0 g/L . 

5. Og/L 
1 0. Omg/L 
40. Omg/L 

/cORF 2(7:>S^3' 5S««fl<0 4.^i:ORF 3(0®>b 

5' *iSftiJ<7>4«Sfim®Uri>;to fSi, 4$M5p9-2 
7 5 9 7 8(rTgt*i::^^tt/cJ: ORFlt^=^hy 

[0 0 3 5] Scf::^ ORF It^hOKF z^xco^WSL 

o-'='>':i^-t^fti^ic^ p PT-DB 1 ^ 

KDNA*g&M^ LrPCR^HliSL/Si. pPT-DB 
1 <Dzf^y^ ^ KDNA 1 u g «r^^ br. Sa^imoBB 



zfy^-^—^^^ 1 0 0 pmo I irTa qDNAiKi;;^ 
y—^i:5XJi:^U±&l00si l(D^^. ISft^t* (9 
8*C) 1 5g>. T=:^-]}>^ (5SX:) 3 OS?. W&R 
Ft: (7 2*0 1 2 0#^D*ft^2 Si^-f ^/t-lftipjli-c 
>lCl<t*3tfofco P C RSf£<^SiS^TS^« 1 O M IS: ' 

■iSxi'—7s^)\^t^h^\. 8 k b p(7)DN A©r>T*(?>^^^ 
«9tbL. ^r;^n— ;^>^ (*t,o. i g) ^mt^<WS^\^ 
1 m 1 <OT ESSflStC^iSa, 5 Snc-e 1 ^Bafi^iaUTT 

*-f. TE (1 mM^^EDTA • 2 N a 4r^tf 1 0 mM 

«o h y ;^tgr»7(cJSiR ; pH8. o) -x^m^^^tLy^j 

(SOOOrpm. 1 0 5») (c J; t) Tktt i:*«ft«rr»ai 

#6*xfc7KffitC.btBcoTEiaSi:7zn/-yV'?eeO. 4 
m 1 <!: n n7)>yWA0. 4 m r^JDP;tT^t>^'^;5)^l;i;5^ 
< flA/bfc^. ]SvL>5J-« (3 O O O r pm. 1 i;i • 

fco ^(^TKffifC:^ nn7}>yl'ZsO. 8 m 1 4r*DX.TI?UNS 
^dMC;!»><«tA/U}tS. (3 0 0 0 r pm. 1 

8 O/i 1 <i:^^y—/H . 7in 1 *;[JD;tX-8 Oti-CrS 
O^J-ffliSB Ufc«> 3S'^5^f8l (ISOOOrpniv 20 

min. 4t:) ICJ: »?DNA^>i-(7)imS:[HlHXL.yho ^ 

DNAl?^>t^m^m. Cm iote(::®«u 

fc, fSMLfc^Jl. 8 k b pC0iS<SDNABf>i-^MI5BSS 
fgE c o R I mJ^S p h I J: t)^J»f U^c^. w(^*fJK 

/l^Aifim ^ y — /Uit® ^^To -C^D N ABSf^*- ^If « 
fiSSfU. «I*I-W{c:10m liOTEjC^»UfCo I^^til. 

p u c 1 ^-<^ ^—lL(D^—(r)UW^n^>( h-Cfc-5E 

c oR lisjio^s p h n^j:f:)i^«^iJ^^— :^§)»fu r 

TiSxi--7.m.m \TiSxi^:;Km.^0, 7%) $rfTV>. r 
y/n — ;^y/U^>e^2. 7 Kb p C7)DN A^>T*<7>^/-^g) 
9l±JUfto m'0ti\.tLTiSx2^:^¥^ mo. 1 g) ^Sfl 
T^Kt&^S'Ul m I (OTE^?ftlC®JS^, 5 5t:-ClB$rfl 

t5^/-/i-a:®SrtTo-C^DNASfr>tS:ma8U SJ^WI::: 

1 0 1 <^TEiC^^LfCo rcoe^tr LTIt^H^iSilg 
DNAMi^<t p u c 1 8ier>lt€rDNA7-ry*-v'3 

h $'fflv^rafe-*^T7•7;^^ KpP 

T-Dl [0-2 (E12) ] SrfiS^Lfco *fc. ffiF^$ 



Hi't p P T - D 1 E c o R I ^^t^^ S p h I asffira 

( O O 3 6 ] m^¥«felSttK^^:^mmH B 1 O 1 COr^ >- f 
-ri^ hir/u*fflV^Tp PT-D 1 S:HB 1 O ItSic^A 
?gKteiftae»N o . 1 «r#3to 5 O O m 1 <0/^ 5^ :7 

KKU. 1 2 It: • 2 04^'P^^0:R^-*h^^^ ytcj:»?« 
eibfco r<?D*Jfe|;i^»ffi;6U O Om g/m 1 ^/irSJ: 

No. 1^— a^SfflSIL. 3 7t: • 1 3 O r pmlcr 
*^)2 0B$fe^«?3|Llto S'L^i^Bt (5 0 0 OCX 1 
lcJ;0 6l(*:(^^$:i^«fKJ:l9^g|L. Mv^T. 50ml 

Srff oTSeSft^Srlf fco Kil®*f^ 100mg4r200m 
1 <0 5 OmMcoy vgft:^?; ij !>i>.7KiS*R (pH7. O) 

wCO®?^^Sflcr<?^ U nr:: MJ/U^r 1 Om 1 
U 1 OX.\z.XlSL'^t^\^t^< \Xhj\^fi,ii^^ 1 NplWSiSSr 
firofeo iKJS«^TS. Hffi^Jl irl^^coHP LC^^WI- 
[00 3 7] [itSieS 1] MT- 1 0 8 2 2t*<30}f A®f 
«-<?>«W (2) 

ORE Id^bORF 3<D^4'*-C<O^^^H^n— 

p PT-DB 1 KDNA^^M 

^ uTPCR^sij&Ljto ummixm^y^fcpVT- 

DB 1 (OZ^'y:^^ KDNA 1 gSrg&St L"Cv ia^m 

C9gfi^fJ#-^ 3 IB^O:/^ ^-25.t/K?^j^<DK^iJ#-^ 5 
IS^P^^-f S:^-^ lOOpmol^Ta qDNAJjf 

(9 8t:) 1 Ti:^— U (5 5t:) 3 01^?. f# 

(7 2^:) 1 2 0|^^c^*it'^2 51^-r^/^^^?iM 

•rw.!:tc:j;9tTofCo P C RSJiS<Z)S^s*^TJK*K 1 0 m 
1 ^m\i^fcT^n''::Kfm.Wm (iy^-^^m^^y^V I 
1 fgia;^r:^n— ; r;^fn— J^S^O. 9afl: 

%) DNAiii|g0^(O5^*f^ttofc<^C^. ^ 

1. 6 k b p<DmMDNAm.^<K>^tEi!i^mmx%it^ m 

l/^T. r:;^n — ;j<.yyu?)^b^ 1 . 6 k b p CODN A^>ft 
(D^^m^mL^ WCTiSu^-ysy^ {mo, 1 g) ^$ffl;!i^ 
<3f&«!=Ulm 1 (OTESfK^CSSS^, 5 5t:-Cl^ra^ 

:n^y-/i.a:®Srm\ iQtSDNA»r)tSr*S*S U^o 
SSiLfcjS^l. 6 k b p(DJQffiDNA»f>S-S:SJKS^^Ec 

oR I&O^S p h I t;cJ:«9§}^Lfc^. CK^^JRHSP^^a 

i^tt m -5: 31 ^ y -/i-tt:® Srfro r N A»fK- «rSSf9 



7kbpC0puc 18(^EcoRI-SphI m^i:D 
*ii-r:/7^^ KpPT-E 1 m-3 (113) ] 

[0038] Mmi&mikWi<o±mmHB i o 1 0=1 ^t?* 

y'^ hir/l'^ffiV^Tp PT-E 1 ^HB 1 0 1 ttlC^lA 
J^K«^Sii«N o., 2 ^^i^fCo 5 0 0ml (Dy< y V 

)\^^^ Hft :7 7 ^ 3 \z.nmm i ^ u.«a^<^ l b jka:^ 

ife$r^58L. 1 2 ir: • 2 05>fi8<7);?^— hiJ' T^i- J: 

9 iSSSi LfCo C coi$J&tC*iag;ii5 l 0 0 m g /m 1 <^ fi: 

SJ:5Jcr>^tfi^y :^Sr^*PL.7tm. #e>nfc?f^aKlft 

ga»No. 2*— 3 7t::-130rpm 

J^-C*xl2 0^^:®4lLfCo (5 0 0 0GX15 

^» ^cJ;*)SI#:^O^S:*^6SSJ:^)5>BiL.^ «iV^-C. 5 0 

5^«l^^fo -cmSW^^^fio 100mg^20 
Cm 1 CQ5 OmM<Dy y i'ATk®?* (pH7. 

0) ICffiiffllL. wCOffiffifStCT^ y nrz h y/p^rl Cm 

tL. 1-/^fc>t>. Ss>fb^&T/S««^(^o%x*S)o:fco - 

[0 0 3 9] \ymM2^ MT- 1 0 8 2 2^(Oj^Afl^ 
M-^^flftff (3) 

ORF 1 ;5^bORF 2^-CcO^^^^lf ^ n— jz^^^^S^f 
^fc«>iC. p PT-DB KDNA^SIS^ U 

TPCR^^aSLfCo ^m^Jl-CflSbfcp PT-DB 

3 821116(75:7^^ e seas 

r/^-Y-^-— ?:#>5r lOOpmol^Ta qDN A^y ^ 

^— if^susr-^tp^fti 0 0 1 co^^-e. IKi^i* (9 
8t:) 1 5tJ^, r=-y:^i/ (5 5t:) 3 0ttr\.#;gs 

J;9DNAti*®S#?(D^>^ff^^To5ttr6. . 3k 
b pOi@i|SDNAS#?cC>#^£z>55S^-C#/i:o M'^^T. T 
;Vn — ;^y/b;0^e»»ai . 3 k b p <7>DN AWfW'CO;^^*©) 
«9ttJL. ^r;^n-;^>i- (^t^o. 1 g) ^m^<B^\^ 
1 m 1 cOTE^fKtC®®^. 5 5t:-ClB$Ra«:faLTT 

^1 tm^(Dy:^/—ji^y^act^s/vj>.tAmt=^^y-- 



1. 3kbpCOt8«DNA»r;ftSrffllK»^EcoRI& 

(/s p h J: 9 mmi^tzn. z<Dmmmmimm\zst^ 
y-/i^tmi:nox&DNAmy\i:^mismi.. & 
rcm^uNAm.^tMM^ixmMLrcf^2. 7k bp 

COpuc ISCOEcoRI— SphI Br>tSrDNA^>r 

^^^KpPT-Fi m-4 m4) 1 %:mm\^fco 
[0 0 4 01 Mmm&tm<r>izmmHB i o i e' 

h-fe/i-Srffli'^Tp PT-F 1 SrHB 1 0 ItttcafA 

?f5:ate^sa*N o . 3 ^ntc. 5 0 0 m 1 (d^^ y y 

IS*No. 3^-eiS:?MSiL. 3 7t:-130rpm 

\cxm2ommm^\^tco (sooogxis 

^) icJ:t)aSfro^^^^)^J:9 5^Sll^, m^X. 5 0 
5>BSI^ff orMffi«^^^#fco K^asftc 1 0 O m 2 0 

Om 1 C0 5 OmMCOy V®?;*/ y t:7i^7K^?iS {pH7. 
O) I^ISSL. rcO^?S|R«CTi5^ y njn h y yW^l Om 
1 IS^nU 1 oleic Tia^;d^(Cd>< t^A/bJ'^id^b 1 NpB8 
Sffic^ffofco RfSH^T^. ^JSfifli i:ra»<?:>HP LC 

r y /uT ^ hitmnb bix-f . i7 y u ^ h y 

10 0 4 1] [lteE^3] MT- 1 0 8.2 2t*CO#A^5f 

n(r>9m (4) 

ORF 3<;0^^^^|?^n--:=i>':/f ^/bibtC, pPT 
-DBl:;^7^5 KDN A^4»M.i: LTPC R^l^ifiL 

fco mfi^dl -CPIKLytp PT-DB l<^:7'v:^^ KD 
NA 1 M ^^mmt LT. jlB^imooga^iJS^7BE«<^:7^ 

lOOpmol^Ta q DN AtK y 7« 7— 5 U 
ti^^:ai 0 0/i 1 <75^X?. ^^14 (9 8t:) 1 T 
yViTCSS^) 3 01^. {7 2°0) 12 

PCRSJc&oSfSJ^TiffJKi Om 1 Sr/flv^^r;^^-^ 

m;T:^a^y^mAi. 2fift%) (c J: 9 DN AlQUM 
iKJC055'*lr4-fTofc^;i^. *^4 5 O b pcOi@#aDN Ajg 
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4 5 O b p(?5DNA»f>J-<O^$:g0»9 WU. ^T:^n— :x 
{mo. 1 g) S:«iB;iKI&fi^blmlCDTE^?flc(cjB 

/^/^ cz cr 7j?/^Aj4ttl i: y — y^a:«S:^7V^. iStiD 
NABr>^i£r«i8Lfco «a!bfc«S)4 5 0 b peoififfiDN 

ASf^T-^tHK^^E c o R I Rt/s p h I \z^^mmv 

Ml "CI8SLfc*^2. 7 k b p<^>p u c 1 8<OE c o R 
I -S p h I »r)tSrDNA^-f V3 V:^^;/ h (^fg 

jtttSi) ?rfflv>riS^$-^-Cr?^^^^ Kp PT-G 1 
[0-5 (05) ] 

[0 0 4 2] mmmmi±M<D:kmmHB xoi<o=ii^\f 

"r^ h±/i^^m^^X p PT-G 1 ?rHB 1 0 1 t*{cSA 
Ji^KlEifeBi«feNo. 4^#fco 5 0 0inlCD/^y7 
^ 7 ^ 3 icSIJfiW 1 1 1^ Cm^(0 L B 

^^mUi^. 1 2 I'C • 2 05>Kco:;a— hiJ^ J: 

??i«gSbfc« C(^i&i^&;;i*l-ieS;dU O O ju g/m i <^:/j: 

$J;5i-r>'e>-y vSr*^b:fe1*. 

|g»No. 4^— 3 7^-130rpin 
tCT^^J 2 O B#fi]»i| Lfc. S'L^5^gt (50 0 0GX15 

5^) lcj:*}S<^o;^^jS«?ffiJ:t)5^HtU ^i^r. 5 0 

^m^n^ xmmi^^mzo ^j^mmw i o o m g ^ 2 o 

Om 1 <7>5 OmMCOy ^^ife^t; y 5;A7K}S*K (pH7. 
O) IC®SLs wCOSSfffJdTiJ^ y n::i h y/wSrl Om 

sis^ttofco Rjsif^T^. mmm 1 i: i^«<z>h p l c 

fco -r^^^^'b, tefb^^tF^*^«^f*o%-c4>orco 

[0 0 4 31 [lltte«2] MT-1 0 8 2 2t*Oi?AW? 

itiOflfW (5) 

p PT-G 1 KCOORF 3fg^<D3' ^^ffifl 

j::. tt:ti!0ili -Cf^KLfcp PT-F 1<D 1 a c zzfti^ 

— . ^1^>^^:=iy h<OORF 2. a 5/ h 

ORF iSr^tx'S^^S:^ ;^>'i/Ly:^o it^ffiixm 
rnVfcp PT-F 1CD>^7-X^ KDNA 1 ju B'S:emt 

C0gti^'rj##9ga«:7^^^*^— ^#>e? 1 0 Opmo 1 tT 

a q DNAxKy J/ 7— if S: 5 USr-a tf±fi 1 0 0 /i 1 O 

I8i^<4(9 8t:) 1 58>. r::^-y (5 5 

t:) 3 0g;. W^^ft (7 2X:) 1 2 0#cO^f|:^2 5 



X^tZo m^X. r^u--7s^fVt^hm2. Okbp^O 
DNA»rit<^^*:^f9aL. S^r;3j/n-^)t (*^0. 1 
g) «rj8B;dKt&^blm 1 cOTE^tcSS®^. 5 5t) 

/WAfflm<i:^^^y-/wfl:®4rm\ iatSDNASffitSrlS 
SU/Co «SaLfc*^2. O k b p<Dli*gDNA»r>rSr©J 
RBS^SIS p h 1 Z^U«H i n d I I I J: «9 9]©rbfc^. 
C<7>J|iiJISSf^^!0!Sfftl;i»L.T^Mfi«l hWi^c^^ zr, J 
,\,/^ C3 a 7j:/UAaili t JC^ / — /uefcSSrtjoTSEDN 

A»r>5-4rlfiS*SSaL. fiJIfKj^c: 1 0 m K^TEtc^^L 
fco mm^. pPT-Gi:7^^^^ K±<^>ot-c50$(i[^^ 
Igi^-Y h-Cfc5 S p h I RU^H i n d I I nc<t j^:?" 

0, 7%) ^trv\ r;jJfi3— ;^y/wj&^e>*^3. ikbp 
ODNA»r>i-<??^Sr^*?ttJLfCo Wf? bytT;«/ci-^ 
«^0. 1 g) ^SBj^K t&«^L 1 m 1 <30TE^^{r® 

$^;t„ C(?DiH«K{;:Wb-c^ifeei|i <^^^^$(DP'IIly- 
A»r>5'^3KffiL. S*^WI-10/i I cDTEJC^flPUfCo^ 
ClO«IICbr#bnVhiiit@DNASite?i: p PT-G 1 <D 
S p h I -H i n d I I I »f>t-^DNA7-Yy— >3 V 

h (^ffiigaSi) ^fflv>-CS)g^ii:r:7^^;?^^ Kp 

PT-Hl [BI-6 (^6) ] 

[00441 m#i»fflttJS<?5A®®H B101C^3>^ir 

7^:/ hir>'^<S:jlV>r p PT-H 1 ^HB 1 O l^d^A 
U> ?I^SteJfefflttN o . 5 ^#fCo 5 0 0ml 5/ 7 

/wf^ >^ 7 = iC-ha? t L B?R«ciS«fi$: 

^sau. 1 2 1^ • 2 o^^r^gco:^— V— >^{ci: 

No. 5«r— 3 7t: • 1 3 0 r pmlCT 

SstJ 2 O B$fWi#?l U/Co i^'L^5>86 (50OOGX15 55^) 

^tro-C^SH^^ityto ^W^W- 100mg^200m 
\<r>^Om\A(r>^)>m.il'0 ^J^a^mS. (pH7. 0) \c 

igl^L. r<7D®«fKi;:ri5^ y h yyu^i om 1 f^p 
^i^ji i 0 0%-cfe-ofco 

[0 0 4 5] 
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[0 0 4 6] 



t h e r m o 



[0 04 7] ffi?IJ#-^ : 1 
m^KDM^ : 1 4 4 

E^l<7)S : r ^ y gfe 

: Pseudonoca rd i a 

p h i 1 a 

tSfe* : J CM 3 0 9 5 

>7 n — : p PT-D B 1 

4#i»4rft:eL:fc^r«fe: e 



Met Ser Ala Glu Ala Lys Val Arg Leu Lys His Cys Pro Thr Ala Glu 

5 10 15 

Asp Arg Ala Ala Ala Asp Ala Leu Leu Ala Gin Leu Pro Gly Gly Asp 

20 25 30 

Arg Ala Leu Asp Arg Gly Phe Asp Glu Pro Trp Gin Leu Arg Ala Phe 

35 40 45 

Ala Leu Ala Val Ala Ala Cys Arg Ala Gly Arg Phe Glu Trp Lys Gin 

50 55 60 

Leu Cln Gin Ala Leu lie Ser Ser lie Gly Glu Trp Glu Arg Thr His 
65 70 75 80 

Asp Leu Asp Asp Pro Ser Trp Ser Tyr Tyr Glu His Phe Val Ala Ala 

85 90 95 ' 

Leu Glu Ser Val Leu Gly Glu Glu Gly Tie Val Glu Pro Glu Ala Leu 

100 105 110 

Asp Glu Arg Thr Ala Glu Val Leu Ala Asn Pro Pro Asn Lys Asp His 

115 120 125 

His Gly Pro His Leu Glu Pro Val Ala Val His Pro Ala Val Arg Ser 



130 



135 



[0 0 4 81 6B^fi#-^ : 2 
gtl^J(Ofi$ : 1 7 6 2 
gE^i<;OS : 

Sl?iJ<:o@iS : G e n om i c DN A 

: Pseudonoca rd i.a the r m o 
p h 1 1 a 

: J CM3 0 9 5 



140 144 

^n — : p PT-DB i 

teCOjg^ : 1 6#i^^b 7 1 7S@ii^1^>^^:=^2/ ha 

7 1 4#gd>p5 13 3 lS^^ia■!^>^^^s^ vm.Wh^ 
1 328S@;6^^1 76 2#@iiv'^— YJtiJ\^><T 



TGAGAGGAGC TCCGCATGAA CXKXTGTGTAC GACX;TCGGCG GCACCGATGG GCTGGGCCCG 60 
ATCAACCGGC CCGCGGACGA ACCGGTCTTC CGCGCCGAGT GGGAGAAGGT CGCGTTCGCG 120 



# 




ATGTTCCCGG CGACGTTCCXi GGCCGGCTTC ATGGGCCTGG ACGAGTTCCG GTTCGGCATC 180 

GAGCAGATGA ACCCGGCCGA GTACCTCGAG TCGCCCTACT AaOGCACTG GATCCGCACC 240 

TACATCXJACC ACGGCGTOX CA<XGGCAAG ATCGAiaCC ACGAGCTGGA GCOCCGCACG 300 

CAGTACTACC GGGAGAAC(X CGACGCCCCG CTGCCCCACC ACGAGCAGAA CCCGGAGHG 360 

ATCGAGTTCG TCAACCAGGC CXJTCTACGGC GGGCTGCCCC CAAGCCGGGA GGTCGACXXJA 420 

CXXmiAAGT TCAAGGAGGG CGACGTGGTC CGGITCTCCA CCGCGAGCCC GAAGGGCCAC 480 

GCCCGGCGCG CGCGGTACGT GCGCGGCA^^G ACCGGGACGG TGGTCAAGCA CCACGGCGCG 540 

TACATCTACC CGGACACCGC CGGCAACGGC CTGGGCGAGT GCCCCGAGCA CCTCTACACC 600 

GTCOGCTTCA CGGCCX^AGGA GCTGTGGGGG CCGGAAGGGG ACCCGAACTC CAGCGTCTAC 660 

TACGACTGCT CCGAGCCCTA CATCGAGCTC GTCGACACGA AGGCGGCCGC GGCATGACCG 720 

AGAACATCCT CCGCAAGTCX; GACGAGCAGA TCCAGAAGCA GATCACGGCG CGGGTCAAGC 780 

CCaCGAGTC CATGCTCATC GAACAGCGCA TCCTCACCAC GTCGATGATC CACCGGATCG 840 

CCGAGATCTA CGAGAACGAG GTCGCCCCGC ACCTCGGCGC GAAGGTCGTC GTGAAGGCCT 900 

GGACCGACCC GCAGTTCAAG AAGCCTCTGC TCCCCCACCG CAOXAGGCC TCCAAGCAGC 960 

TCGGCATCGG CCGCCTGCAG GGCGAGGACA TGATGTGGGT GGAGAACACC GACGAGGTCC 1020 

ACCACGTCGT CGTGTGCACG CTCTCCTCCT GCTACCCGTG GCCGGTGCTG GGGCTGCCGC 1080 

CGAACTGGTT CAAGGAGCCG CAGTACCGCT CCXXXXiTGGT GCXJTGAGCCC CGGCAGCTGC 1140 

TCAAGGAGGA GTTCGGCTTC GAGGTCCCGC CGAGCAAGGA GATCAAGGTC TGGGACTaA 1200 

GCTCCGAGAT GCGCTTCGTC GTCCTCCCGC AGCGCCCCGC GGGCACCGAC GGGTGGAGCG 1260 

AGGAGGAGCT CGCCACCCTC GTCACCCGCG AGTCGATGAT CGGCGTCGAA CCGGCGAAGG 1320 

CGGTCGCGTG AGCGCCGAGG CGAAGGTCCG CCTGAAGCAC TGCCCCACGG CCGAGGACCG 1380 

GGCGGCGGCC GACGCGCTGC TCGCGCACCT GCCCGGCGGC GACCGCGCGC TCGACCGCGG 1440 

CTTCGACGAG CCGTGGCAGC TGO^GGCCTT CGOGCTGGCG GTCGCGGCGT GCAGGGCGGG 1500 

CCGGTTCGAG TGGAAGCAGC TGCAGCAGGC GCTGATCTCC TCGATCGGGG AGTGGGAGCG 1560 

CACCCACXIAT CTCGACGATC CGAGCTGGTC CTACTACGAG CACTTCX;TCG CCGCGCTGGA 1620 

ATCCGTGCTC GGCGAGGAAG GGATCGTCGA GCOGGAGGCG CTGGACGAGC GCACCGCGGA 1680 

CGTCTTGCCC AACCCGCCGA ACAAGCATCA CCATGGACCG CATCTGGAGC CCGTCGCGCT 1740 

CCACCCGGCC GTGCGGTCCT GA 1762 

[0049] mmm^ : 3 wcoiK : -^m 

sm<Dm :mm ^^i(Dmm :^<omm ^akdna 

mm 

CGAATTCTGA CAGGAGCTCC GCATGAACG 29 
[00 5 0] E^iJ#-^ : 4 m(0^ : 

mwM^ : 2 8 h^ui^— : mm^K 

mm 

TGCATGCTCA GCACCGCACG GCCGGGTG 28 
i O O 5 11 Ejy*-^ : 5 m(Om : — 

mm(D^^ : 2 8 h^pv^— : um^ 

mwm : mm(Dmm : tii<omm ^f&oNA 

mm 

TGCATGCTCA GATCGACGAG ATCACCGC 28 

10 0 5 2] mm^^- : 6 m(o^ : -^m 

im(Dm : mm mm(omm : WL<^mm ^^dna 

mm 

TGCATGCTCA CGCGACCGCC TTCGCCGG . 28 

[0053] iajij## : 7 mmcom : mm 
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CGAATTCTGA CAGGAGCTCC GCGTCAGCCC 
[00 54] : 8 

Sa^lOB $ : 2 7 

sm<om : &iWt 

mm 

TGCATGCCAT TAATGCAGCT GGCACGA 

[0055] m^m^- : 9 

E^Jcog^ : 2 8 

mm 

TAAGCTTTCA GATCGAGGAG ATCAGCGC 

[lai] Kp PT-DB 1 ol6iJPlg^^^»r.fe* 

[1112] Kp PT-Dio®JHS^^aBf;S16llI 

[^ 3 ] ;^ ^ K p P T - E 1-<^®JISI»^SIW;S«&EI 

[ia 4 ] yy:^^ K p p T - F 1 (ommmmmm^mm 

[?3P^(0|tt9^] 

ColEl-Or i rColEl ^<??^^M*&gpta:§:^ 



CGAGGCGAAG GTCXXS 



45 



27 



28 



1 a c Z : pUC 1 S}b^<Dy^ h — j?;::!f-^a ><cO>^a 

NH p : e^z^u— hv r • ^^^^ 

p 1 6 (—as) : -^rr— Ky :^/W7'^'r - i^— ^:7>f 7* 



[1^2] 



[113] 



[1341 



-3 




1-4 



I aeZ 



IttKHB 



Nod 



EooRI 




Hndlll 



[1^6] 



BamHt 



Nod 




1-6 




Natl 



Hndin 



(51) Int. CI.® 

//(C 1 2 N 15/09 

C12R 1:01) 

(C 1 2N 1/21 

C 1 2 R 1:19) 



ZNA 



F I 



(72) 
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